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PREFACE 

When a man buys an automobile, a motor 
boat, or a stationary type of gasoline engine, 
he Is sooner or later confronted with perplex- 
ing problems Involving the devices by which 
the combustible mixture In the engine cylin- 
ders Is Ignited. Ignition troubles are fre- 
quently due to lack of understanding of the 
conditions under which the batteries that sup- 
ply the required current for Ignition pur- 
poses will give satisfactory service. Hence, 
In presenting this little handbook. It Is hoped 
that a useful purpose will be served In making 
the reader more intimately acquainted with 
the function of each element of both wet and 
dry primary battery cells, with the methods 
and results of connecting them In various 
ways, and with the advantages and proper 

means of testing them. 

C. W. 
August, 1912. 
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EARLY attempts to apply electricity int'oducUon 
for igniting the combustible mixture, 
or charge, in gas engine cylinders 
were so crude and so disappointing, because 
of the unreliability of the apparatus em- 
ployed, that the hot tube system of ignition 
was the principal one in vogue up to and with- 
in the last decade. More than a quarter of a 
century has elapsed since the hot tube system 
of ignition was first put into use, and yet, al- 
though electric ignition devices have been 
wonderfully perfected and are now generally 
employed, there are at present in service 
many gas and gasoline engines equipped with 
hot tube igniters. Before the introduction 
of the hot tube, various schemes for firing 
the charge by the direct application of a 
flame had been adopted, but such methods 
are now obsolete. 

One of the principal objections to the hot 
tube system of ignition is that the time of 
ignition cannot be varied satisfactorily to 
secure the most economical results. When 
running at normal speed, ignition should take 
place just before the piston reaches the end 
of its compression stroke. If, however, the 
charge be fired after the piston reaches the 
end of its compression stroke, the average 
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pressure on the piston, and hence the power 
developed, will be reduced considerably. To 
a certain extent the time of i^ition may be 
varied by changing the position of the Bun- 
sen flame of the hot tube apparatus, but this 
method of control requires very careful ad- 
justment, and in any case does not give re- 
sults ag satisfactory as it is possible to ob- 
tain with electric ignition devices. 

ONE of the most important elements 
of any electric ignition system is the 
battery or source of electric current. 
The term battery is not applicable to a single 
cell ; it is used to indicate two or more cells 
connected in one electrical circuit. Primary 
batteries made up of ordinary six-inch dry 
cells, such as are sold almost everywhere at 
twenty-five cents per cell, are commonly em- 
ployed for ignition purposes. For stationary 
engines, however, the wet cell, one example of 
which is shown in Fig. 1, is sometimes 
favored because of its comparatively slow 
deterioration while in use and when idle; also 
because of its steadiness and constancy of 
current output. Many battery users, how- 
ever, object to the wet cell because of the 
greater care that its renewal and use entail. 



Before proceeding to describe this cell, it 
may not be entirely out of place to refer 
briefly to the principle of action of all kinds 
of primary batteries. Early in the history 
of electrical experimentation it was found 
that when two substances, such as zinc and 
copper or zinc and carbon, were immersed 
in acidified water the chemical action set up 
between the two substances would cause a 
continuous current of electricity to flow from 
one substance to the other through a con- 
necting wire or other conductor outside the 
liquid. It was assumed that within the liquid 
— commonly called the electrolyte — ^the cur- 
rent flowed from the zinc to the copper, while Electrolyte 
outside of the liquid the current flowed ^ 
through the connecting wire from the copper 
to the zinc. The plates immersed in the li- 
quid are called electrodes; the one on which 
the electrolyte acts most vigorously and 
from which the current is assumed to flow 
being known as the positive electrode, the 
other as the negative electrode. The term 
cathode is applied to the plate through which 
the current leaves the cell, while the term 
anode is applied to the plate by which the 
return current is received. 
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ProvisitMi for attaching wires to the elec- 
trodes IB made unnecessary in the most mod- 
em type of dry cell, in which the zinc cup is 
threaded and the carbon plate is capped with 
copper so that, when the cell is screwed into a 
threaded socket resembling that used for an 
incandescent lamp, proper contact is made 
and the use of wires is obviated, all the con- 
nectors being embedded in the piate to which 
the sockets are attached. For the attachment 
of wires to the ordinary type of dry cell, 
however, the electrodes are provided with 
binding posts, known respectively as the posi- 
tive and negative terminals (Indicated by 
plus (-1") and minus ( — ) signs), the pos- 
itive terminal being attached to the cathode, 
or carbon electrode, which is really the nega- 
tive plate of the cell, and the negative 
terminal to the zinc electrode, or positive 
plate of the cell. Right here it is import- 
ant to fix in mind that the positive plate 
and the positive terminal are not one and 
the same thing. While it is true that the 
point from which the current flows is re- 
garded as positive and that to which the 
current returns as negative, it should be re- 
membered that within the cell the current 
starts from the zinc plate, which is, therefore, 



the positive plate, and flows to the carbon 
plate, which is, therefore, the negative plate. 
The positive terminal, however, is attached to 
the carbon, or negative plate, and the nega- 
tive terminal is attached to the zinc, or posi- 
tive plate. It is necessary that this should 
be so, for in the wire or other conductor out- 
side the cell the current flows from the ter- 
minal on the carbon plate to the terminal on 
the zinc plate, and it is apparent that the 
naming of the terminals corresponds to the 
scheme followed in naming the electrodes. 

The path of the electric current is known JjJJ^^. 
as its circuit, the path inside the cell, or with- Circuit* 
in whatever may happen to be the source of 
electricity, being called the internal circuit, 
while that outside the cell, or external to the 
source of electricity, is called the external cir- 
cuit. When the path of the current through 
the external circuit is broken by disconnect- 
ing a wire or opening a switch, the circuit is 
said to be open; on reconnecting the wire or 
closing the switch, so as to provide an un- 
broken path for the current from its source 
back to its starting point, the circuit is said 
to be closed. When any part of the wire or 
other conductor forming the external circuit 
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ccHnes in contact with the ground or with 
some conductor permitting a iSow of current 
to the earth, the circuit is said to be grounded. 

WHEN the circuit of an open- 
circuit cell is closed, the chemical 
action of the electrolyte on the 
positive and negative plates, or electrodes, 
sets up in their electrical condition a 
difference corresponding to differences in 
head between separate bodies of water at 
different levels or to differences in the pres- 
sure of gases contained in separate vessels. 
In electrical science the term poteniial is used 
to express what corresponds to head in hy- 
drostatics and to pressure in pneumatics. 
Just as water will flow readily from a high 
level to a lower one, and as gases will flow 
from a high-pressure tank into one of lower 
pressure, so electricity will flow from one sub- 
stance at high potential to another at lower 
potential. Between bodies of the same po- 
tential there can be no flow of current any 
more than there can be a flow of water from 
one vessel to another when the water stands 
at the same level in both vessels. To effect 
a flow a difference of pot«itial is as neces- 
sary in the one case as is a difference of level 
in the other. 



ASSUMING the earth to be an electrical 
reservoir of infinite capacity, its po- 
tential is zero, and hence, when the req- 
uisite path is provided, a current of electricity 
will flow to the earth from bodies at higher 
potential than is the earth. The diflFerence Electromotive 

. . . Force 

of potential producing or tending to produce 
a flow of current is termed electromotive force 
and is measured in volts by means of an in- 
strument known as a voltmeter. The voltage, 
or electromotive force (usually abbreviated to 
E. M. F.), generated by wet and dry primary 
cells is due to chemical action, while that pro- 
duced by dynamo and magneto generators is 
due to magnetic induction. The E. M. F. 
of primary batteries varies with the character 
of the materials employed, but with cells of 
the same kind the potential generated is in- 
dependent of the size of the cell, a small cell 
having the same E. M. F. as the larger ones. 
The capacity of cells of the same kind, how- 
ever, does depend on their size, the length of 
their useful life being determined by the quan- 
tity of electrolyte used and the size and weight 
of the positive and negative elements. The 
voltage of primary cells in service is consid- 
erably less than is shown on test when fresh. 
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Because of the fact that cinnmercial zinc 
contains impurities on which the electrolyte 
, acts much less rapidly than on the zinc, there 
is set up between the zinc and the small par- 
ticles of impurities a useless and wasteful lo- 
cal electromotive force that causes the zinc 
to be consumed until the foreign substance 
or impurity is set free and falls away. To 
prevent tlus trouble, which is known as local 
action, it is customary to amalgamate the 
zinc; that is, to coat or alloy the zinc with 
mercury, which seems to have the effect of 
covering up the impurities, and thus elimi- 
nates local action. 

PRIMARY batteries are subject to an- 
other trouble known as polarization. 
This is due to the collection of bubbles 
of hydrogen gas on the cathode, or carbon 
plate, so that the electrolyte cannot come into 
contact with it, thereby stopping the chemical 
action required to produce a flow of electric 
current. Batteries are useless when polarized. 
To prevent the accumulation of hydrogen gas 
and thus obviate polarization, the cathode is 
usually surrounded by some substance such 
as manganese dioxide, with which the hydro- 
gen is free to combine chemically. The hy- 
drogen decomposes the manganese dioxide, 



each two atoms of hydrogen combining with 
one atom of oxygen from the manganese 
dioxide to form a molecule of water. De- 
polarization may also be accomplished by 
agitating the electrolyte, or by giving mo- 
tion to the cathode, but chemical depolariza- 
tion is much more successful and c(Hivenient, 
and is employed to the practical exclusion of 
all other methods. 

In the cell shown in Fig. 1 polarization is 
prevented by making the cathode of black 
oxide of copper compressed into a briquette 
or plate. When the external circuit is closed, coMtrocUon 
the hydrogen liberated by decomposition of 
the electrolyte unites with the oxygen of the 
oxide of copper to form water, reducing the 
oxide to metallic copper, and the oxygen lib- 
erated goes to the zinc plate, uniting with it 
to form oxide of zinc, which in turn is dis- 
solved by the caustic potash electrolyte and 
becomes zincate of potash. The electrolyte 
is made by dissolving one pound of caustic 
potash in three i)ounds of water, the solution 
being stirred constantly until all the potash 
is dissolved, thus preventing it from solidify- 
ing at the bottom of the mixing jar. The 
solution should be stirred carefully so as to 
avoid splashing, as it will bum both skin 
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and clothes. If quickly rubbed off the skin 
with tissue paper no harm will result. The 
scdution may also be rendered harmless by 
applying any animal or vegetable oil or 
grease, but mineral oil is not suitable for such 
purpose. When tested by means of an in- 
strument known as a hydrometer, a device 
for determining the density or specific grav- 
ity of liquids, the fresh solution should have 
a density of 1.25 at a temperature of 60° 
F. The solution should not be tested at a 
higher temperature because the density is 
less when the liquid is hot. When exhausted 
the solution has a density or specific grav- 
ity of 1.38 to 1.31. 




The copper oxide plate a is suspended from 
the cover of the cell in a grooved copper 
frame b, attached to the cover by thumbnuts 
c and d that serve as the positive terminals 
of the cell. At either side of the copper ox- 
ide plate is suspended a rolled zinc plate. A 
bolt passing through the knob f in the cover 
holds the plates in the same relative }>osition 
at all times and thus obviates the necessity 
of using vulcanite or other separators to 
prevent short circuiting of the cell through 
the electrolyte. The thumbnuts g and h 
attached to the zinc plates are the negative 
terminals of the cell. Since the electrolytic 
action is more pronounced at the top than at 
the bottom of the zinc plates, they are made 
tapering, the thick part being uppermost. 

The E. M. F., or voltage, of the cell de- 
creases very slowly with use. The cell has VoiugcofCcii 
an initial E. M. F. of .95 volt, dropping to 
.7 volt on closed circuit. Inasmuch as the in- 
ternal resistance of the cell is low, decreas- 
ing somewhat with use, the available E. M. F. 
is high and constant, there being little wast« 
of energy in overcoming the celPs internal 
resistance to the flow of electricity. 



'^ o.«\^ \5i 



Resistance 



Electrical 
Units 



JUST as friction impedes the flow of water 
in pipes and reduces the head, or hydro- 
static pressure, so the internal resistance 
of a cell hinders the flow of current and less- 
ens the available E. M. F. The resistance of 
all types of cells, of wires, and, in fact, of 
every part of an electrical circuit is measured 
in ohms. The internal resistance of this cell 
is lowered with use because while the circuit is 
closed the oxide of copper, which is a poor 
conductor, is reduced to metallic copper, 
which is a good conductor, making the pas- 
sage of the current easier. 

In order that the interdependence of volt- 
age, amperage, and resistance in any elec- 
trical circuit may better be understood, and 
that a clearer idea may be had as to the 
value of the electrical units thus far men- 
tioned, it may not be out of place to explain 
here that the unit of potential, or electrical 
tension or pressure, namely, the volt, is the 
electromotive force required to maintain a 
flow of current of one ampere through a re- 
sistance of one ohm; an ampere, the unit of 
electric current, is the rate of flow in a wire 
or other circuit having a resistance of one 
ohm and a difl^erence of potential of one volt 
between the ends of the circuit, an ohm, the 
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practical unit of resistance, is the amount of 
resistance offered to the flow of a current of 
electricity having an electromotive force of 
one volt and a current strength of one am- 
pere. 

FROM the above explanation it is evi- 
dent that in any given circuit the 
current strength, or rate of flow of 
electricity, is proportional to the difference 
of potential between the ends of the circuit. 
The proportional relations between voltage, 
amperage, and resistance are expressed em- 
pirically by what is known as Ohm's law^ ohm's Law 
which, stated by means of formulas in which 
I represents strength of current in amperes, 
E the electromotive force in volts, and R the 
resistance of the electrical circuit in ohms, 
is as follows: 

1 1=-^-. 
R 

2. E=IXR. 

3. R=-Y- 

These formulas arc nothing more than 
algebraical equations involving three factors, 
two of which are known, the third to be found. 
According to formula 1, the strength of cur- 
rent in amperes may be determined by divid- 
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ing the known electromotive force in volts 
by the known resistance of the whole circuit 
in ohms. Formula 2 indicates that the elec- 
tromotive force may be found by multiplying 
the current strength in amperes by the re- 
sistance of the circuit in ohms. Formula 3 
is used to determine the resistance, which is 
equal to the electromotive force divided by 
the amperage. 
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HE relations expressed by Ohm's law 
have an important bearing on the 
capacity and durability of primary 
batteries, for it is evident that the current 
^^^ output of a battery of cells having a high 
internal resistance will be appreciably less 
than that of a battery made up of cells whose 
internal resistance is low. For example, 
suppose a battery of 6 cells in series, hav- 
ing an internal resistance of 3 ohms and 
an electromotive force of 6.48 volts, is to 
supply current through an external circuit 
having a resistance of 3 ohms, thus mak- 
ing the resistance of the whole circuit 
3+8=6 ohms. According to formula 1, the 
strength of the current would be 6.48-^6= 
1.08 amperes. 
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Now, suppose that a six-cell battery hav- 
ing an internal resistance of .3 ohm and an 
electromotive force of 4.82 volts is applied to 
the same circuit. Although both amperage 
and voltage are lower than in the first case, 
the current strength, as determined by for- 
mula 1, is higher, because the resistance is 
lower; thus, 4.S2-^(.3-|-3)=l.S amperes. 
Moreover, since the drop in potential across 
any particular resistance in the circuit is 
proportional to the ratio of that resistance 
to the total resistance of the whole circuit, 
it follows that the proportion of the E. M. F. 
absorbed in overcoming the internal resist- 
ance of the cells in the first case is as 3 : 6= 
.5, whereas, in the second case the proportion 
of the E. M. F. absorbed in overcoming the 
internal resistance of the cells is as .3 : 3.3= 
.099. In other words, fifty per cent, of the 
generated E. M. F. is required to overcome 
the internal resistance of the cells of the first 
battery, while with the second battery only 
about ten per cent, is required for the same 
purpose. 
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Renlwiil? *°** ^ I ^O prevent the electrolyte from creeping 
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up the zincs and thereby shortening 
the useful life of the cell shown in Fig. 
1, the solution is covered with a heavy mineral 
oil that also serves to prevent evaporation. 
Should the oil be omitted the zincs above the 
solution would be attacked by carbonate of 
potash, formed through the extraction of car- 
bon dioxide from the air by the creeping elec- 
trolyte. The upper part of the zincs would 
finally be reduced to a pasty condition, the 
part within the solution being unimpaired. 
The most satisfactory results are obtained by 
using the oil furnished by the manufacturers 
of the cell, because the creeping of the elec- 
trolyte will not be prevented unless the oil 
used is of sufficient viscosity, or body. The 
layer of oil should be at least three-eighths 
of an inch deep. 

To insure good electrical contact the necks 
of the zincs, where they are bolted to the long 
binding-post bolt, should be kept clean and 
bright and the grooves in the copper frame in 
which the oxide plate is held should be cleaned 
with emery cloth when the battery elements 
are renewed. 

When the oxide plate is red throughout 
its entire mass, as determined by picking into 
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it with the point of a knife, it is completely 
exhausted and should be renewed. If, how- 
ever, there appears an interior layer of black 
oxide, the plate is still good, the length of 
its remaining life depending on the thick- 
ness of the black oxide. On renewing the 
oxide and zinc plates it is necessary to renew 
the electrolyte also, because the old solution 
is then completely saturated with zinc oxide, 
which solidifies at the bottom of the cell in 
the shape of needlelike crystals when the so- 
lution becomes supersaturated, and the effi- 
ciency of the cell is very much impaired. 

BEFORE putting the new plates into 
the new solution they should be al- 
lowed to stand in water until they be- 
come thoroughly wet, because the fihn of 
oil that would otherwise adhere to them 
would interfere with the action of the elec- 
trolyte, making it impossible to get the 
maximum output from the cell immediate- 
ly. Exhausted oxide plates cannot be used 
over again, because their depolarizing capac- 
ity has been lost through the reduction of 
the oxide to metallic copper in a finely di- 
vided state. There being no oxide left, the 
hydrogen gas collects in bubbles on the sur- 
face of the electrode and in the interior of 



the plate, resulting in polarization of the 
cell. The oxide plate should never be removed 
from the electrolyte and allowed to dry in 
the air, because the surface of the plate be- 
comes reoxidized, and the oxide formed by 
the absorption of oxygen from the air is 
much more difficult to reduce to metallic cop- 
per than the black oxide of which the plate 
is made. Such drying and consequent re- 
oxidation increases the internal resistance 
and hence decreases the output of the cell. 

One of the most important points to be 
observed in "setting up" or renewing the type 
of cell shown in Fig. 1 is the height of the 
solution; in fact, the success or failure of 
the cell may be said to depend on a difference 
of an inch in the height of the liquid. The 
top edge of the oxide plate should be fully 
an inch below the surface of the electrolyte 
and, hence, about an inch and a half below 
the top of the oil. This is necessary because 
the reduced surface of the copper oxide plate 
is covered with finely divided copperlike dust, 
some of which becomes detached, rising to the 
surface of the electrolyte and floating under 
the layer of oil. Hence, if the surface of 
the solution be permitted to fall so as to be 
on a level with the tops of the oxide and zinc 
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plates, the particles of copper dust will in 
time form a bridge between the plates, thus 
short-circuiting the cell, thereby destroying 
it, the zincs being eaten off at the level of 
the solution. 

PRIMARY batteries made up of dry opea and 
cells are adapted for open-circuit ser- Batteries''" 
vice; that is, for use mi circuits that 
normally are open, there being no demand, as 
for running a motor, for the continuous de- 
livery of current. In other words, such bat- 
teries are economical only when the current is 
used at intervals of greater or less length, the 
cells recuperating more or less after each 
period of use until they are finally exhausted. 
Closed-circuit batteries are those used on 
circuits that are normally closed, being ca- 
pable of delivering a practically constant 
current for a considerable period of time, 
the life of the cells depending on the quantity 
of solution used and the size and weight of 
the positive and negative plates. Fig. 9 
shows a 800-ampere-hour cell for closed-cir- 
cuit stationary and traction gas engine ig- 
nition service. For stationary use the vessel 
a is of porcelain or glass, but for traction 
engine or other portable service it is made of 
enameled steel or of hard rubber, with a li- 



quid-tight cover b. The positive plate con- 
sists of a cylindrical amalgamated zinc cast- 
ing c suspended from the cover by two sub- 
stantial supports d dy as shown. The nega- 
tive plate consists of a porous cup e filled 




PIQ. 2.— SHOWING STYLE OP 
WBT CELL 

with oxide of copper and suspended from the 
cover by the support f. The electrolyte is a 
saturated solution of caustic potash, the 
chemical action of which is the same as in 
the cell already described. The surface of 
the electrolyte, which should be half an inch 
above the copper cup, is covered by a heavy 
parafBne oil to a depth of about a quarter 
of an inch in order to prevent creeping, evap- 
oration, and decomposition of the electrolyte. 
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At this point it may be weU to call at- 
tention to the fact that closed-circuit batter- 
ies may be used with excellent results for 
open-circuit service such as is required for 
gas engine ignition, but open-circuit batter- 
ies can not be used in places where the closed- 
circuit type of cell is required, because the 
open-circuit type of cell polarizes too quick- 
ly when called upon to deliver a heavy cur- 
rent continuously. Since the elements of the 
cell are not attacked while the circuit is open, 
or, in other words, when the battery is not 
in use, there is no expenditure of energy nor 
waste of material. 

THE cross section and sectional eleva- 
tion shown in Fig. 3 serves to illus- 
trate the internal construction of a six- 
inch dry cell of the ordinary type. As indi- 
cated by the cross sectional view, the carbon 
plate, or rod, a is corrugated, so that the sur- 
face in contact with the active material may 
be as large as possible. The upper end of 
the carbon rod is flattened where it passes ^[^"^i™ 
through the sealing compound. The zinc 
plate b is made in the form of a cup and holds 
the carbon rod and the active and depolariz- 
ing materia] c surrounding it. In assembling 
the cell, the zinc cup is lined with blotting pa- 




PtO. 3.-A DRY CBLL SHOWN IN SECTION 

per d, of which several washers are made to fit 
the bottom of the cup, as shown. The carbon 
rod is placed in the center of the cup, and 
a mixture of black oxide of manganese (de- 
polarizer) and granulated carbtm, moistened 
with a saturated soluticm of sal ammcmiac, 
is then packed tightly and evenlj around it 
until the cup is nearly full. The granulated 
carbtHi is used to increase the carbon surface, 
and a little graphite is sometimes introduced 
to insure good conductivity. The upper edge 
of the blotting paper lining is then turned 
down so as to cover the mixture, and a 



pasteboard washer e, made to fit inside the 
cup and cut out to permit the upper end 
of the carbon rod to pass through it, is then 
put in place, serving as a bottom for the 
sealing c(»npound of molten asphalt or pitch, 
which fills the cup to the brim, as shown at f. 
The completed cell is then placed in a paste- 
board tube or casing closed at the lower end, 
forming an outer cup that serves to insulate 
the zinc cups from one another when the cells 
are crowded together. This outer covering 
may be made moistureproof by boiling it 
in paraffine or in a mixture of equal parts 
of paraffine and beeswax. 

BECAUSE there is very little difference g"'«;s"'f 
in external appearance between differ- 
ent makes and grades of the ordinary 
type of dry cell, it is commonly assumed that 
the same results are obtainable from cells of 
the same size, regardless of their initial cost. 
As a matter of fact, however, there is a wide 
range of variation in the cost of making cells 
of the same external size, so that differences 
in price may usually be taken as evidence of 
corresponding differences in construction. In 
other words, a greater electrical output may 
be expected and, as a rule, obtained from 
the more expensive cell. As to which shall 



be employed is a question that must be de- 
cided by each individual consumer. Even 
though cells be fresh and of the same make 
and size, it will be found that in electrical 
activity they are far from uniform, some 
cells being much longer-lived than others, but 
neither the internal mechanical construction 
nor the external appearance of the cells gives 
any indication of their current-producing ca- 
pacity or comparative longevity. Moreover, 
if one cell in a battery becomes bad, the out- 
put of the whole group is affected. 

a^uy of The life of a dry cell for a given output 

^*"" depends on the exposed areas of the zinc and 

carbon. The larger these areas, the lower 
the internal resistance, and, consequently, the 
greater the current discharge. Hence, if 
the rate of current discharge is low while in 
service the useful life of the cell will be cor- 
respondingly lengthened. The capacity of 
the wet type of primary cell is expressed in 
ampere hours, this terminology being em- 
ployed to indicate that, approximately speak- 
ing, a cell having a rated capacity of, say, 
25 ampere hours would supply a current of 
one ampere for 25 hours, or one half ampere 
for 50 hours, or one-tenth ampere for 250 
hours. As a matter of fact, however, with 
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dry cells the lugher the rate of current dis- 
charge the smaller becomes the available ca- 
pacity of the cell or battery. The capacity 
of dry cells is not usually stated in ampere 
hours, the catalogue rating, sometimes 
printed on the cell wrapper, serving merely 
to indicate the strength of current delivered 
on momentary short circuit, as when testing 
the ceU. 

The available capacity, as well as the use- 
ful life, of dry cells, is also affected by the 
thickness of the zinc cup, frequently of No. 
10 gauge. For purely commercial reascms 
the zinc cup is made only of such thickness 
as to insure exhaustion of the chemical con- 
stituents of the cell before the cup can become 
porous. If the cup is too thin the life of 
the cell is likely to be short, because the cup 
will be quickly eaten through, the activity 
of the cell being destroyed by evaporation 
of the moisture that should be retained 
in the blotting paper and mixture between 
the carbon and zinc plates. The outer paste- 
board covering or cup absorbs the moisture 
as it leaks out of the cell, wetting the outer 
covering of the adjacent cells, thus estab- 
lishing a connection or circuit through which 
the cells are effectually short-circuited and 



thereby ruined. Trouble from short-cir- 
cuiting due to the above mentioned cause 
may be obviated by using the screw-top type 
of cell or by using a moisture proof outer 
casing or wood or fibre partitions between 
the cells, but the drying and consequent de- 
terioration of porous cells would not thereby 
be prevented. Cells frequently dry out be- 
cause of cracks made in the sealing com- 
pound as a result of rough handling, but 
such cracks may readily be resealed by us- 
ing a hot iron to melt the sealing compound. 
Care must be exercised, however, to avoid 
injuring the cell by excessive heating. 
The use of inferior chemicals and cheap 
grades of zinc and carbon frequently cuts 
down the life and efficiency of dry cells, the 
contained impurities causing local action, 
the cells gradually deteriorating even when 
idle. 



T 



SSi57y cS?t ^T^HE deterioration to which the ordinary 

dry cell is subject when not in use 
led one manufacturer to place on the 
market a so-called "reserve'* cell made by 
leaving out of it all moisture, thus rendering 
the contained chemicals inactive until water 
is introduced through the carbon plate, 
which is made hollow for that purpose. 
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After the water is put in, the cell becomes 
active and is then identical with the manu- 
facturers' standard tjrpe of dry cell. The 
recommendation of the makers that the tvo 
sets of cells usually carried <xi automobiles 
be coupled in multiple series in order to se- 
cure the maximum length of service from 
the two batteries, and that an extra battery 
of "reserve" cells be carried for use in case 
of emergency has not been found to work 
out very well in practice. 

In what are termed **semi-dry" cells the 
makers use a sal ammoniac jelly, or paste, 
from which the term "semi-dry" is derived. 
In dry cells of the ordinary type the sal 
ammoniac electrolyte is wholly taken up by 
the absorbent material within the outer zinc 
shell. In the semi-dry type of cell the 
polarizing material is packed tightly around 
the carbon plate under a pressure of about 
10,000 pounds, forming a mass or so-called 
cartridge of such size as to leave an eighth 
of an inch space between It and the outer 
zinc cup. This space is filled with the "semi- 
dry" electrolyte jelly, and the cell is then 
sealed like an ordinary dry cell. 

It is claimed that this method of manufac- 
ture makes it possible in a cell of given size 
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to use a greater quantity of electrolyte with- 
out reducing the quantity of depcHarizing 
material, thus increasing the capacity and 
durability of the cell, the recuperative power 
of which is said to be considerably enhanced. 
If the absorbent medium dries out from long 
standing or because of use in places where 
the temperatures are high, the activity or life 
of the cell comes to an end. In some cells 
blotting paper is used as the medium for 
absorbing the electrolyte, and while the pa- 
per is moist the cell remains more or less 
active. 

PRIMARY dry-cell batteries should be 
kept in a dry place, preferably in a 
covered box, for if the paper boxes sur- 
rounding the zinc cups of tightly crowded 
cells become wet, the cells will be short-cir- 
cuited and the battery thereby ruined. The 
cells should be arranged so as to obviate the 
possibility of short circuiting any one of 
them when wiring them, care being exercised 
to keep the zinc connections a considerable 
distance apart, thus preventing the end of 
the connector at one terminal from touching 
that of another, as at o. Fig. 4, or from com- 
ing in contact with the edge of the zinc cup 
of the next cell, as at 6, Fig. 4. 
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ACCORDING to the service output re- g^;^ 
quired of them, primarj cells are con- 
nected up in three ways: in Meriea, in 
multiple, or parallel, and in multiple, or par- 
allel, series. (The words multiple and parallel 
are sjntHiymous). When wired in series, as 
shown in Fig. 6, the positive, or carbon, tei> 
minal of one cell is ciHinected to the negative, 
or zinc, terminal of the next cell, the carhon 
post of one end cell and the zinc post of the 
other end cell serving as the positive and neg- 
ative terminals of the battery. The current 
flows from the positive tenninal of the first 
cell of the series to the negative terminal of 
the next cell, thence through each cell in turn 
to the positive terminal of the last cell, from 
which it flows through the external circuit 
and back to the negative terminal of the first 
cell. When coupled in series the strength or 
amperage of the battery current is approxi- 
mately the same as that of a single cell, but 
the voltage is multiplied as many times as 
there are cells connected up. For example, 
if five cells of 1.6 volts are connected in ser- 
ies, the battery voltage will be 6X1.5=7.5 
volts. 

Cells are connected in multiple, or parallel, 
in order to increase the current strength, or 



amperage, without increasing the voltage of 
the battery above that of a single cell. As 
shown in Fig. 6, all the positive terminals 
are connected to CMie conductor and all the 
negative terminals to another. If all of the 
cells are of the same kind, and alike in elec- 
trical condition, the E. M. F. produced will 
be approximately the same as that of any 
single cell of the group, but the strength of 
the current that will flow when the external 
circuit is closed will be multiplied as many 
times as there are cells connected in multiple. 
In other words, a battery made up of Ave 
cells showing singly a current strength of 
28 amperes on short circuit, that is, when 
tested with an ammeter, would produce a 
current of 110 amperes on short circuit 



MULTIPLE, or parallel, series con- ^^^SSlSS'.'" 
nections, represent a simple combi- 
nation of the series and multiple 
methods of connection, making it possi- 
ble to adjust the tension (voltage) and 
strength (amperage) of the current out- 
put to suit whatever conditions are to be met. 
Each set of cells in series is called a teriet 
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unit, the voltage of which depends on the 
number of cells used. The strength of the 
current produced depends on the number of 
series units connected in parallel. Hence, 
the voltage of the battery shown in Fig. 7, 
having two series units of five cells each, is 
approximately five times that of a single cell, 
while the amperage is approximately twice 
that of a single cell. After connecting the cells 
in series, as shown in Fig. 6, the positive 
terminals of the series-units are connected 
to one conductor and the negative terminals 



to another, thus placing the series units in 
parallel, thereby increasing the strength of 
the current as many times as there are series 
units. 

An actual battery box of twelve cells con- 
nected in multiple-scries is shown tipped up 
on its side in Fig. 8. It will be noticed that 
the negative, or zinc, terminal of series unit 
1 is connected to that of the series unit it by 
the connector a, while to the negative termi- 
nal of the series unit 3 there is a separate 
connection b. All the carbon, or positive 
terminals, however, arc connected to one com- 




mon conductor c through which the current 
flows to the external circuit and back through 
the conductor d to the negative terminal of 
the two series units connected in parallel. 
Ordinarily, sufficient current Is supplied b; 
series units 1 and %, but when an increased 
output is desired the reserve series unit is 
brought into use through a suitable switch 
in the circuit or by connecting 6 directly 
tod. 

Note that, whatever may be the scheme 
followed In making connections, the cells 
must always be wired so that the direction 
of flow of the current in every part of the 
external circuit shall be from the carbon 
(positive) to the zinc (negative). This 
should be borne In mind in following out the 
path of the current in all electrical circuit 
diagrams, wherein the carbon and zinc plates 
of the battery cells are conventi<MialIy re- 
presented by alternate light and heavy 
straight lines of difi'erent lengths. In all 
such diagrams the light line is used to repre- 
sent the carbon plate, the short, heavy line 
indicating the zinc plate. 



^T^O facilitate the work of wiring the cells 
and at the same time to obviate trouble 



1 



due to imperfect electrical connections, 
it is generally considered advisable to use 
c^ntftlctors Special battery cotmectors, several types of 

which are illustrated in Figs, 9 to 12 inclusive. 
Fig. 9 shows a common type of connector 
made up of a well-insulated heavy wire a sol- 
dered to corrugated copper terminals b b at 
the ends. As shown at c, the shape of the 
terminal is such that its edges may be turned 
over to cover and thus protect the insulation 
near the point where the bare end of the wire 
is soldered to the terminal. At d is shown a 
copper terminal to which the ends of the wire 
may be attached with or without solder, as 
preferred. The bare strands of wire may 
be passed through the small hole punched in 
the terminal, wound around the neck of the 
terminal, then brought back through the 
hole, as shown, and clamped in place by the 
short clips e^ the long clips f being used for 
clamping the insulation and thus preventing 
it from working back. By using adhesive 
tape all but the head of the terminal may then 
be insulated. If soldering material is at 
hand it is well to solder the wire in place, 
thus insuring perfect contact and preventing 
loose connections. 
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The object of corrugating the contact ele- 
ment of the tenninftl is to provide enough 
spring to the connection to bind the terminal 
screw sufficientlj to prevent it from working 
loose. This object is accomplished with the 
connector shown in Fig. 10 by attaching 
rubber washers a o to wie side of the copper 
terminals, which are folded over the wire 
soldered to them at & 6, as shown. Under 
pressure of the binding post nut the rubber 
gasket, or washer, serves to hold the terminal 
tightly in contact and at the same time to 
prevent the connection from jarring loose be- 
cause of vibration set up by the engine. Fig. 
11 shows a popular type of battery connector 



having spUt spring-brass terminals adjust- 
able to any size of binding post and with 
sufficient spring to bind the terminal tightly 
enough to prevent loosening under the influ- 
ence of vibration. A spring^clip binding 
post attachment for making battery c(mnec- 
tions without using special terminals at the 
ends of the wires is shown in Fig. 12, which 
illustrates the method of attachment. Heavy, 
well insulated single wire connectors should 
be used with this device. 

cSf*^ ^**'*'* '^^ simplest and most satisfactory method 
Connections ^f avoiding troublc due to loose or improperly 

applied battery connectors is to use cells that 
screw into threaded sockets in a battery box 
or holder having a hard rubber cover plate 
in which properly arranged connectors are 
immovably imbedded. Fig. 18 shows the 
under side of the cover plate of a Patterson 
wireless dry battery holder in which all ccm- 
tacts are made automatically when the cells 
are screwed into the sockets in the manner 
illustrated. Each cell receptacle or socket 
contains a wide phosphor-bronze contact strip 
a, or, as termed by the makers, an ^^automatic 
bridge," that hooks under and makes contact 
with a heavy wire yoke 6 when any cell is re- 
moved from its socket, as when weak or ex- 
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[NOTE.— What likDown ■■ the "atrip tfpc" PattmiHi wlra- 

above ahDwii, with hlnE« od the top far faaunlni It Into 
potltloD.) 

hausted. The carbon, or positive, contact 
is made through the strip a while the zinc, 
or negative, contact is made through the 
joke 6 which is attached by screws, as 
shown, to the socket into which the threaded 
end of the zinc cup of the cell is screwed. 
When the cells are screwed into place the 
strips a are forced awaj from the yokes h 
and contacts molded into and hence forming 
an integral part of the cover plate serve to 
make the required connections between the 
ceUs. 




BATTBRY BOX 



The removal of a cell does not break the 
electrical circuit because the strip a comes 
into contact with the yoke b when a cell is 
taken out, and an unbroken circuit is thus 
maintained. Being suspended from sockets 
in the under side of the cover plate of a 
water-tight box, the cells do not come into 
contact with each other nor with any surface 
on which moisture may collect. Moreover, a 



heavy soft-rubber gasket is used to make a 
water-tight joint between the cover plate and 
the lower part of the batter; holder. Being 
thus made waterproof, this battery holder 
is especially adapted for marine service, as 
it can be submerged in water without injury 
to the cells, and when used on an automo- 
bile the cells can not be damaged by any 
carelessness ia using water for washing the 
machine. 

The two terminals of the battery are lo- 
cated between the two heavy brass compres- 
sion lock-washer thumb screws by means of 
which the cover plate is held tightly in place, 
as shown in Fig. 14. The service wires may 
be brought to these terminals through an 
opening provided in the back lower edge of 
the box cover or, if more convenient, they 
may be attached to a similar set of termin- 
als on the back of the battery box. When 
thus connected the cover plate and attached 
cells may be lifted out of the battery box 
without detaching the service wires, current 
from the battery being delivered to these 
back-connection terminals by means of knife 
blade c<Hitacts on the under side of the cover 
plate that fit into heavy copper clips riveted 
to the back-connection studs. 



For making it possible to use the old- 
style binding-post type of dry cell, in case 
renewal on the road becomes necessary at 
some place where screw-top cells are not 
obtainable, the battery box is provided with 
a removable false bottom. When the latter 
is taken out, the old-style cells may be put 
in the box and connected up, paper or other 
filling-in material being stuffed around the 
cells to prevent rattling and consequent 
loosening of connections and to obviate the 
possibility of short-circuiting. The terminal 
wires of the battery may then be connected 
to the emergency clips c. Fig. IS, on the 
under side of the cover plate, a piece of wood 
or Keenly cartS}oard being placed under the 
contact ttrip a of one of the socketa to hold 
it out of contact with the yoke b and that 
break the circuit. 

Whenever lack of space on the running 
board of an automobile or of a convenient 
place for it in a motor boat prevents the 
use of a battery box like that shown in 
Fig, 14, the so-called "strip" type holder 
which accommodates, arranged on one long 
strip, as many cells as needed, may be used 
to advantage because the head or socket- 
piece rigidly holds the cells apart and, being 




waterproof, with all connecti(»is molded into 
and thus protected bj the head piece, there 
can be no loodening of connections between 
the cells because of vibration and no short 
circuiting on account of wetting the cells. 
The "strip" type of wireless holder may be 
attached directly by screws or hinged brack- 
ets to any c(mvement]y located supporting 
surface. 

For ignition and lighting service on motor i^SS'"'*''" 
boats the manufacturers make three sizes of Holder* 
the so-called "multiple" and "combination" 
battery holders, one carrying two sets of 
four cells, another three sets of four cells, 
and the other two sets of six cells. The 
advantage of the "multiple" and "combina- 
tion" outfit lies in the fact that, generally 
speaking, two batteries connected In multiple 
and used constantly will give approximately 
three times the mileage of a single battery 
and SO per cent, greater mileage than is 
obtainable with two batteries used alter- 
nately, one battery being in use and the other 
held in reserve, while three batteries connected 
in multiple will give approximately six times 
the mileage obtainable from a single battery. 
By means of a rubber-gasketed circuit-con- 
trolling dial switch at the center of a **com- 



bination" cover plate, a top view of which 
is shown in Fig. 15, it is possible to obtain 
four combinations or changes of current 
without making any changes in wiring such 




as would be necessary with the old-style 
methods of making battery cMinectiiHiB and 
the old two-point type of switch. The four 
changes obtainable with the two six-cell bat- 
tery outfit are as follows: 
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Assuming that all the cells are of the 
same amperage, the most economical results, 
as indicated by the above table, will be ob- 
tained with the first combination, the bat- 
teries being operated together in multiple 
series, but in case the amperage of one bat- 
tery is less than that of the other, the low 
one should be cut out and held in reserve 
while working with the other. For the sec- 
ond combination the right-hand set of cells 
may be operated in series, the left-hand bat- 
ter; being held in reserve, the third combi- 
nation being the reverse of this order of 
operation. For the fourth combination both 
right and left sets of cells are operated to- 
gether in straight series. When the cells 
become exhausted to such an extent as to 
make the use of the fourth txKnbination neces- 
sary, they should be replaced with new cells as 
quickly as may be possible, otherwise trouble 
from misfiring is bound to occur, and the 
engine might be stalled at a dangerously 
inconvenient time. 

PRIMAKY dry-cell batteries require no IS^^ 
attention other than occasional testing 
to determine what their condition may 
be, as indicated by the volt- amperemeter, one 
type of which is shown in Fig. 16. This in- 



strument, which is really two instrumentB in 
one, representing a combination of voltmeter 
and ammeter, is of such size that it may read- 
ily be carried in one's pocket. It indicates the 
voltage of the current when the terminal a 
rests on the positive, or carbon, plate terminal 
of the cell and the terminal c is connected to 
the negative, or zinc, plate terminal by 
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means of the insulated conductor d. To de- 
termine the strength of the current in am- 
peres the terminal b is placed in contact with 
the positive tenninal of the cell, and the ter- 
minal e at the end of the conductor d is placed 
in numientary contact with the negative ter- 
minal of the cell. The contact should last 
but for an instant — ^just long enough to get 
a reading, — because the cell, which is short- 
circuited through an instrument whose re- 
sistance is very small, would be ruined quick- 
ly in case the contact were prolonged for any 
considerable length of time. As a matter of 
fact) it is not good practice thus to test cells ^*ct at 
frequently, because excessive ammeter testing T««iii« 
is injurious to the cells, reducing their ca- 
pacity very materially, and therefore is not 
a thoroughly practical means of determining 
their true efficiency. No sane person familiar 
with electrical apparatus would think of de- 
liberately short-circuiting a dynamo, yet the 
act of short-circuiting a cell by testing it 
with an instrument interposing little resist- 
ance in the circuit involves the same principle 
and produces an equally undesirable effect. 
Protection against ruination of a dynamo 
by short-circuiting is afforded by the "throw- 
ing" of a circuit breaker or the "blowing" 



of a fuse, but the primary battery cell, lack- 
ing such safeguards, can be protected only 
by obviating in every possible way the prob- 
ability of a short circuit. . 

GENERALLY speaking, a cell register- 
ing a very high amperage is compar- 
atively short-lived, the voltage being 
low, whereas a fresh cell of lower amperage 
and usually of higher voltage will ordinarily 
last longer and give better service. When 
the voltage is high the required ampere rate 
of current discharge is correspondingly low, 
and the cells give efficient service until they 
are more nearly exhausted. 

Reference to Fig. 16 shows that the ter- 
minals a and b are marked respectively volts 
and amp*8 to indicate which one must be in 
u»c of contact with the positive, or carbon, plate 

terminal of the cell in order to secure the de- 
sired reading, the terminal c being brought 
into contact with the negative, or zinc, plate 
terminal of the cell through the use of an in- 
sulated conductor or extension cord d and 
terminal e. Terminals a and h are insulated 
from the metal case of the instrument, but 
terminal c is not. Hence, as indicated in 
Fig. 17, it is not necessary to use the cord 
in testing dry cells, but the conductor d is 
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required when the voltage of storage battery 
cells is to be determined by test. The cells 
of a primary dry battery, and of a sec- 
ondary, or storage, battery, as well, should 
be tested one at a time. Fig. 17 shows how 
this may be done quickly by placing the amp't 
terminal in contact with the carbon-plate, or 
positive, terminal of the cell, which is held 



in the left hand, and then bringing the case 
of the instrument into momentary contact 
with the negative terminal of the cell. 

PRIMARY battery cells are sometimes 
tested by means of an electrical buzzer 
or bell, the tone of which is depended 
upon to indicate roughly whether or not the 
cell is in good condition. Knowing the pitch 
of the sound produced by the buzzer or bell 
when a. cell has its current strength reduced 
to about five amperes, below which value dry 
cells are usually no longer of service, it is 
evident that a sound of higher pitch must be 
produced by a current of greater strength, 
whereas a sound of lower pitch would indi- 
cate a weaker current than that of a cell re- 
garded as being no longer capable of gener- 
ating a current sufHciently strong for igni- 
tion purposes. 

An open-circuit voltage reading of a dry 
cell, that is, a reading taken while the cell 
is idle, gives little information as to the in- 
ternal condition or capacity of the cell, for 
a worn out cell of high resistance when idle 
will often show nearly full voltage when 
tested, whereas in service the E. M. F. of the 
same cell while delivering current will fall 




below one-tenth of a volt. In testing cells 
with a voltmeter the test should be made only 
when the cells are delivering current to the 
external circuit, and under such conditions 
the voltage of fresh cells will usually be 
found to be .7 or .8 volt per cell. The lower 
the service voltage per cell the greater the 
number of cells necessary to maintain a suffi- 
ciently high E. M, F. to give the required 
spark wJlhout increasing the current con- 
sumption beyond economical limits. 

THE number of primary dry cells neces- 5^b,^or 
sary to generate currMit of the re- ^tieriM 
quired strength) or amperage, and ten- 
sion, or voltage, depends on the character and 
condition of the cells and on the winding of 
the cml through which the current must pass 
before the igniting tpark is produced. Some 
spark coils are wound for a higher voltage 
than others, and some have a higher internal 
resistance than others. In either case, the 
available E. M. F. of the battery may not be 
sufficient to insure satisfactory results with 
maximum economy, the spark being too lean, 
or weak, to get good results. Coils are us- 
ually wound for use with siz-volt batteries, 
but it is well to learn what voltage is required 
directly from the coil manufacturers. One 



cell for each one and a quarter volts of coil 
voltage should be used, a six-volt coil re- 
quiring not less than five cells. It is a mis- 
take to make a smaller allowance, because, in 
order to overcome the effect of inadequate 
voltage, the strength of the current, or am- 
pere rate of discharge, must be made so 
much higher that the cells are quickly ex- 
hausted. If to produce a satisfactory spark 
a current of one and a quarter amperes is 
required, small batteries will be exhausted 
in such a short time that the service given 
will he very unsatisfactory. Under right 
conditions the current required should be 
somewhat less than an ampere. 

The necessary ampere rate for a given 

coil in service may be determined by connect- 

( ing an ammeter In series with the batteries 

and spark coil, as indicated in Fig, 18. Since 

the coil offers quite a little resistance to the 




flow of current, the cells will not seriously be 
injured by such testing. If the spark coil 
is of the induction type, having a secondary 
as well as primary winding, connections are 
made to the primary winding only, as shown. 
For the use of automobilists a special form 
of current-consumption indicator is made 
for the purpose of providing a means where- 
by the spark coil may be adjusted for a given 
consumption of current with a greater de- 
gree of accuracy than is possible when the 
sound of the coil vibrator is depended upon 
to give an indication of the strength of the 
current passing through the coil. 

FAULTY methods of arranging dry B«»»n7 
cells cause much avoidable trouble. ~ 



^ The cells should not be so placed as 
to make possible their short circuiting be- 
cause of overlapping of binding posts or of 
connector ends, which are usually of such 
size that when the cells are arranged as shown 
in Fig. 19, these ends touch the zinc cups J^„3„_, 
of adjacent cells, making short circuiting ofCtiil 
inevitable. As shown in Figs. SO and SI, 
the cells may readily be grouped in such a 
way as to avoid all possibility of short cir- 
cuiting even when the cells are crowded close- 
ly together, with no insulation between them 
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other than that afforded by the pasteboard 
covering surrounding the zinc cups. 

The possibihtj of short circuiting may 
also be avoided by using thin wood or thick 
pasteboard separators to provide a safe 



clearance space between the cells. To ac- 
complish the same purpose (me design of drj 
cell is dented in at the binding post, while 
with another make the entire top is protected 
bjr a pasteboard cover through which the 
binding posts project. 

When connected up in multiple-series, it |J^q^, 
frequently happens that the presence of a 
couple of bad celb, located in different series, 
as shown by the shaded cells in series (6) and 
(c) Fig. SI, throws most of the work of sup- 
plying current on the cells of the good series 
(a) thereby shortening their life of useful- 
ness. The excessive load thrown im the good 
cells hastens their exhaustion to such an ex- 
tent that when the presence of bad cells is 
suspected no time should be lost in testing 
all the cells of the battery and removing 
those found defective. 

LOOSE electrical connections are re- lddm 
sponsible for a great deal of the 
trouble experienced with dry cells. The 
binding post of the carbon plate, when held 
in place by a screw and nut, often becomes 
loose, and thus greatly increases the resist- 
ance of the circuit. For this reason the car- 



bon-plate terminals should be tested and 
tightened if necessary before cells are put 
into active service. 

With a number of dry cells crowded close- 
ly together, the importance of having proper 

connecting wires can hardly be overestimated, 
for the straying end of a broken, though 
well insulated wire, will often put a battery 
out of service. In making plain wire bat- 
tery connections it is always advisable to use 
good-size copper wire, at least No. 18 B. & S. 
gage, having a double insulation and waxed 
to prevent the insulation from becoming 
loose at the ends. Care must be exercised in 
removing the insulation from the ends of the 
wire, for a slight nick made by the knife 
or pliers is often sufficient to cause a future 
break. A better job can be had by using 
flexible rubber covered and braided wire like 
"lamp cord,'' the strands of fine wire being 
soldered together solid at the ends to prevent 
poor contact through spreading, and to per- 
mit of tightening the binding nut so as to 
hold the end securely. 
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WHEN ordinal^ insulated wire is gJ.^^SSj^S' 
used for making battery connec- 
tions, it is commonly wound around 
the binding post and crossed, as shown 
in Fig. 22 (c). This is an improper 
method because, when the terminal nut is 
tightened, the wire will be cut part way 



(a) (b) (t) 

pn. ».— Bnn>n«Q post connbctionb 

through at the point of crossing a, where it 
may subsequently break under a comparative- 
ly small stress. Care should also be exercised 
not to put the wire around the binding post 
as shown in Fig. 93t (&), because the opera- 
tion of tightening the terminal nut will tend 
to move the end of the wire b away from 
the post, thereby opening the loop and lessen- 
ing the effective grip of the nut to such an 
extent that the wire is shaken loose by com- 
paratively slight vibration. 

The correct method of attaching the wire 
is shown in Fig. 22 (a), the wire being 
wound around the binding post so that in 
tightening the binding nut the loop will re- 
main closed, the free end of the wire being 



kept in place by the nut instead of being 
forced away from the post by it. As shown, 
the insulation of the wire should come close 
to the binding post and the end of the wire 
should be cut off at c so as not to project 
beyond the edge of the binding nut. 

ANOTHER cause of avoidable trouble 
with dry cells is the use of too small 
a battery, the effect of which is a pro- 
nounced loss in the useful life of the cells. The 
installation of too small a battery is frequoit- 
ly due to ignorance of the fact that there is 
considerable difference between the voltage of 
cells when inactive and when in service, fur- 
nishing current to the spark coll. Dry cell 
batteries should be tested while in service, but, 
as a rule, it is assumed that the voltage 
shown by the voltmeter when each cell is tested 
separately represents the voltage that will 
be obtained when current is being supplied 
to the coil, which should always be adjusted 
so as to require the minimum of current to 
produce the right kind of spark. 

If the voltage of a battery, while in ac- 
tive service, is inadequate to insure the pro- 
duction of a satisfactory spark with a min- 
imum rate of current consumption, it is false 



economj to depend on a few cells to make up 
for the deficiency in voltage through an in- 
crease of current consumption, which rap- 
idly exhausts the cells. It is much better 
to have the service voltage of the battery in 
excess of that for which the spark coil may 
have been vound, because a coil giving in- 
different results when adjusted for a com- 
paratively high rate of current flow from a 
few cells, would give eflicient service with a 
minimum consumption of current when ad- 
justed for use with a battery generating the 
proper voltage when in active service; hence, 
when partly exhausted dry cells are employed 
for ignition purposes, it is important to use 
as many as may be required to generate a 
service voltage slightly in excesst of that 
for which the coil was originally designed. 

For example, with a 4-voIt coil at least 
6 used cells showing, say, 0.8 volt and 10 
amperes under test, should be used. More- 
over, when the service voltage is adequate 
and constantly maintained so, the coil will 
require httle if any adjustment, there will 
be no arcing at the vibrator points, and 
there will be no likelihood of trouble from 
internal short circuiting of the coil. 



IN grounding on ignition battery, that is, 
in making a connection with some part 
of the engine to provide a path or circuit 
for the return currmt, it should be borne in 
mind that the greater the distance between 
the point of action and the point of attach- 
ment of the negative battery wire the great- 
er will be the resistance to overcome. Hence, 
to prevent unnecessary waste by forcing the 
current to overcome resistance due to rust, 
low conductivity of dissimilar ctmducting ma- 
terials, poor ccntacts between metallic sur- 
faces, etc., the negative battery wire should 
be grounded at a point as close as possible 
to the spark plugs, thereby providing a di- 
rect path for the return current through a 
medium of high conductivity. 
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INCE the life of any automobile igni- 
tioa battery necessarily depends on 
the current-consumption of the spark 
coil, it is evident that if adjustments are made 
in conformity with the indications of current- 
measuring devices, the battery will last 
longer and all parts of the ignition system 
will give better service. Moreover, the in- 
stallation of such instruments as a perma- 
nent part of the ignititm circuit puts the 



operator of the car in possession of a con- 
tinuous and vitible record of performance 
through which faults can readily be detected 
and remedied under worlcing conditions and 
often while the car is in actual operation. 

It is well known that by adiusting the AajiKimcat o 
.,.,.- , . ,. Cofl Vlbr.tor 

coil-vibrator or ciHitact screw, the consump- 
tion of current can he Taried within quite 
wide limits, reduction of the gap at the vi- 
brator increasing the current consumption, 
too small a gap causing rapid depletion of 
the battery, as well as pitting and sticking 
of the vibrator points, while increasing the 
gap reduces the current consumption, too 
wide a gap lessening the flow of current to 
such an extent as to give rise to skipping or 
misfiring. It is also well known that what 
has been said about the gap at the vibrator 
points applies with equal force to the gap 
at the spark plug points. 

Just what adjustments of the coil-vibrator 
and spark-plug gaps should be made in or- 
der to secure the highest degree of sparking 
efficiency and battery economy with a given 
coil may conveniently and accurately be de- 
termined by means of the apparatus shown 



in Fig. 2S, which is made a fixed part of 
the battery circuit to show whether the op- 
erating conditions of the ignition system arc 
normal or otherwise. 
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THE device shown is a voltamraetcr es- 
pecially designed for eliminating guess 
work in ignition testing under work- 
ing conditions. It consists of two instruments, 
an ammeter and a yoltmeter, mounted on a 
common base that is attached by screws di- 
rectly to the dash if of wood, or to an insulat- 
ing block in case the dash is of metal. The 
voltage of the primary, or battery, circuit ig 
measured by the instrument at the right, 
while the stren^h of the current in amperes 
is measured by the one at the left. Both in- 



struments operate on what is commonly 
known as the I>*Arsonval principle, a per- 
manent magnet being employed to create a 
stitHig magnetic field of practically unvary- 
ing intensity, within which a rectangular coil 
of fine wire, wound on a centrally pivoted 
aluminum open-frame bobbin, mounted be- 
tween the pole pieces of the magnet, is made 
to rotate, against the opposing influence of 
a spring, by the current that passes through 
it. Attached to the coil bobbin or frame is 
a pointer that moves over a scale so grad- 
uated as to indicate the strength (amperage) 
or the pressure (voltage) of the current 
causing a deflection of the swinging coil 
from its normal or zero position. 

An extended description of the details of i 
construction and principles of operation of 
the instruments would here be out of place, 
but attention may properly be called to the 
fact that by the use of a suitable resistance 
coil placed inside and forming part of the 
circuit of the voltmeter, the current loss due 
to its operation is reduced to a negligible 
factor, notwithstanding that the voltmeter is 
connected across the main leads of the cir- 
cuit, as shown in Fig. S5, in the same man- 
ner as an incandescent electric lamp. 



The ammeter is connected in series in the 
primary circuit, but the current is made to 
pass through a conductor, SH, termed a 
shunt, which, while of somewhat higher re- 
sistance than the rest of the circuit, is of 
sufficiently low resistance to make the current 
loss due to its use a negligible factor also. 
The coil of the ammeter is connected in par- 
allel with the shunt, forming a divided cir- 
cuit, a very small portion of the current pass- 
ing through the coil of the ammeter and the 
balance through the shunt. 



co°in«.To?.' ^\. N CONSULTING Fig. 24, which is a 




conventional diagram showing how 
the voltammeter is connected up, it 
will be seen that the carbon or positive ter- 
minal of the dry-cell battery A, and also the 
positive, or plus ( + ), terminal of the sec- 
ondary, or storage, battery B, are connected 
to the terminals of the coil C, from which 
wires are led to the timer D, by which the 
primary circuit is closed. From the contact 
screw of either of the coil units, a wire is led 
to the right-hand binding post of the volt- 
ammeter, and the zinc, or negative ( — ), ter- 
minals of both batteries are connected to 
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the center or negative binding post terminal 
of the voltammeter, ag shown, instead of 
to the ground, as is usual. 




The return-circuit wire is attached to the 
left-hand binding post of the Toltiunmeter. 
Current from the primary battery A, or 
from the secondary battery B, whichever hap- 
pens to be in use, passes through the pri- 



Voltammeter 
Indications 



marj winding of the coil C when the cir- 
cuit is closed by the timer D. From the coil 
C, current flows into the voltmeter through 
the wire attached to the right-hand binding 
post, and out to the center binding post and 
thence back to the battery. When the timer 
closes the circuit through the coil, a part of 
the current that flows through the timer 
ground circuit passes into the ammeter and 
out to the center binding post, thence back 
to the battery. Most of the return current 
passes directly from the left-hand binding 
post to the center binding post through the 
shunt SH. The return circuit between the 
timer and engine in Fig. 24, and between the 
timer and left-hand binding post in Fig. 26, 
is indicated conventionally by a dotted line, 
the direction of current flow being shown by 
the arrows. 

On referring to Fig. 25, it will be seen that 
the voltmeter Y indicates the condition of the 
battery circuit regardless of whether the tim- 
er circuit is closed or open. This diagram also 
shows how the voltmeter is connected across 
the two main leads of the circuit beyond the 
switch S. If it were connected up between 
the switch and the batteries, it would be in 
circuit all the time, regardless of whether the 
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coil switch S was open or closed, but by con- 
necting it across the main conductors just 
the other side of the switch, as shown, it is 
in circuit only during the time that the switch 
S is closed. 




As the timer T makes and breaks the 
main circuit at a point still farther on, the 
voltmeter indications are not affected by the 
operation of the timer. In other words, the 
voltmeter practically forms a closed circuit 
of very high resistance, including only that 



part of the battery circuit which lies be- 
tween the batteries and the coil. The amme- 
ter, however, forms a part of the main circuit 
beyond the coil and therefore responds to the 
makes and breaks of the timer, but the volt- 
meter does not. 

THE voltmeter circuit, when the switch 
S is closed on the dry battery side, Is 
indicated on Fig. 25 by the two-dot- 
and-dash line, which is intended merely to 
show that, as stated above, the voltmeter 
serves as a closed circuit in which the direc- 
tion of current flow is as shown by the 
arrows. The current flowing from the dry 
battery DB, through the switch, S primary 
coil F' , timer T, ground, and left binding 
post of the voltammeter, passes through the 
shunt SH and ammeter coil A, which is 
connected in parallel with the shunt, so 
that a pre-determined portion of the cur- 
rent passes through it, the balance of the 
current passing through the shunt. The 
respective resistances of the shunt and amme- 
ter coil being known, it is an easy matter for 
the manufacturers to calculate the current 
which will pass through the combined circuit. 



Ordinarily the method of wiring shown in 
Fig. S4 will correctly connect the instrumentd 
in circuit, but with some types of coils, as, 
for example, the Kingston, the wire leading 
to the right-hand or voltmeter binding post, 
must be attached to one of the hexagon nuts 
on the bottom of the coil box, as shown in 
Fig. S6, to which the same reference letters 
as are used in Fig. S4 are applied. 




Similarly the copper or brass strip by 
means of which the several imits of some coils 
are comiected, may also be used, instead of the 
contact screw block, as a place of attachment 
for the wire leading to the voltmeter. 



I 



ProTeld T N PROCEEDING to make tests with the 

With Test | yoltammcter, after having connected it 

up as indicated, the first thing to do is 
to make the distance between the spark-plug 
points as nearly uniform as possible, so that 
the width of the gap shall not exceed rlrr 
inch and then file the platinum points of the 
vibrators and contact screws so as to be 
sure that they are perfectly flat and true as 
well as smooth. 

For this operation, a Nicholson XF Swiss 
file, about number 6 cut, should be used, be- 
cause the ordinary fine-cut file is too coarse 
and cuts away too much metal. After filing 
the points, the contact screws of each unit 
should be screwed down until the vibrator has 
a play of about iV inch between the screw 
and the iron core. 

Then, with the gasoline supply to the car- 
buretor shut off and compression relief cocks 
open, turn the engine over until the timer 
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makes contact and sparking takes place in 
one of the cylinders) any one being equally 
good. 

Note the reading of the ammeter when 
the timer closes the primary circuit, and if 
the current consumption of the coil is great- 
er than 1*11 ampere, increase the vibrator 
gap by unscrewing the contact screw, and 
thus decrease the flow of current. Should the 
vibrator fail to act, however, screw down the 
contact screw and thus decrease the gap until 
the vibrator is brought into action. Pro- 
ceed in the same manner to adjust each of 
the vibrators until the current consumption 
of the coil units is equal throughout their 
number. 

In making adjustments while the engine 
is at rest, the circuit being closed by the tim- 
er for a considerably longer interval of time 
than when in actual operation, it is necessary 
to set the vibrators for a current consumption 
about twice as great as is desired, because in 
actual operation the flow of current through 
the coils is intermittent, and the ammeter 
needle will stand at a point representing the 
mean current flow. For example, a two-unit 



coil adjusted to take % ampere would show 
from % to % ampere on the ammeter, de- 
pending on whether the period of make or 
period of break is the longer. 
cSSS™^^ d^ INCE the conatruction of a coil affects 
coDiumptioD ^^^ ^* current consumption, and wide 
^*^ variations in the sparking efficiency 
of different makes arise from differences in 
usage as well as ctmstniction, no definite 
rules can be given for the exact point at 
which a coil vibrator should give best results. 
Generally speaking, however, it may be said 
that a coil adjusted to operate on less than 
■^ ampere will give a thin, weak spark which 
would fire only a rich mixture. When ad- 
justed to take more than A ampere, trouble 
will be experienced from pitting and sticking 
of the platinum contact points and from 
rapid deterioration of the battery. 

With the voltammeter in circuit, observa- 
tion of the normal rate of deterioration, after 
adjustments have been made, enables the op- 
erator to ascertain the relation between mile- 
age and battery consumption. For instance, 
if a car will run SOO miles when the current 
consumption is such as to cause a pressure 
loss of y2 volt, thraj the car will run another 
300 miles with a like drop in voltage, whether 




the battery is of the primary dry-cell or of 
the secondary storage type. Hence a glance 
at the voltmeter will enable the operator to 
judge what mileage can be obtained from the 
battery before it is exhausted. 

Whatever may be the cause of a change 
that affects the battery circuit, the voltmeter 
gives instantaneous indication thereof, the 
needle or pointer remaining steady only so 
long as conditions are normal. With a loose 
contact, the needle would oscillate back and 
forth; with a broken wire it would not move 
from zero; with a poor contact due to a cor- 
roded terminal, the reading would be lower 
than normal; and in case one or more cells 
should become short-circuited, the needle 
would drop to an extent depending on the 
scale value of the cells cut out. If the point- 
er does not remain steady on that point of 
the scale representing the voltage while the 
car is in operati(Hi, look for the trouble at 
once and remedy it. 

THE operator having also familiarized J[i[!J;',JJ? 
himself with the significance of the 9|"1gJJ 
ammeter indications, a glance at it 
shows whether there is a normal flow of cur- 
rent through the coil. Any departure from 
normal conditions, in fact, any change in the 
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